Aims It is essential to illuminate the evolutionary history of crop domestication in order to understand further the origin and development of modern cultivation and agronomy; however, despite being one of the most important crops, the domestication origin and bottleneck of soybean (Glycine max) are poorly understood. In the present study, microsatellites and nucleotide sequences were employed to elucidate the domestication genetics of soybean. † Methods The genomes of 79 landrace soybeans (endemic cultivated soybeans) and 231 wild soybeans (G. soja) that represented the species-wide distribution of wild soybean in East Asia were scanned with 56 microsatellites to identify the genetic structure and domestication origin of soybean. To understand better the domestication bottleneck, four nucleotide sequences were selected to simulate the domestication bottleneck. † Key Results Model-based analysis revealed that most of the landrace genotypes were assigned to the inferred wild soybean cluster of south China, South Korea and Japan. Phylogeny for wild and landrace soybeans showed that all landrace soybeans formed a single cluster supporting a monophyletic origin of all the cultivars. The populations of the nearest branches which were basal to the cultivar lineage were wild soybeans from south China. The coalescent simulation detected a bottleneck severity of K ′ ¼ 2 during soybean domestication, which could be explained by a foundation population of 6000 individuals if domestication duration lasted 3000 years. † Conclusions As a result of integrating geographic distribution with microsatellite genotype assignment and phylogeny between landrace and wild soybeans, a single origin of soybean in south China is proposed. The coalescent simulation revealed a moderate genetic bottleneck with an effective wild soybean population used for domestication estimated to be ≈2 % of the total number of ancestral wild soybeans. Wild soybeans in Asia, especially in south China contain tremendous genetic resources for cultivar improvement.
INTRODUCTION
The origin of agriculture known as the Neolithic revolution in human history has resulted in the transition from a hunter-gather mode to an agricultural-based society (Diamond, 2002; Salamini et al., 2002) . Domestication of animal and plant has played an essential role in the rising of agriculture (Diamond, 2002; Salamini et al., 2002) . Making the genetics of domestication clearer could lead to a more comprehensive understanding of the evolution and history of crops and provide valuable information not only on the increasing demand of improvement of yield and quality, but also on the origin of agriculture (Jones and Brown, 2000; Diamond, 2002) .
Domestication was an evolutionary process in which several characters such as loss of seed dispersal, increase in grain size and synchronous ripening and so on, were adaptively evolved and selected by human beings (Brown et al., 2009; Glémin and Bataillon, 2009) . Modern crops, especially landraces that descended from the wild-relative populations should maintain many of the features from wild populations. Therefore, genotypic comparison between cultivars and wild relatives from the natural distribution areas would indicate the direct ancestors of the crops (Brown et al., 2009) . Recently, molecular genetics has been used to trace the evolutionary origin and domestication history of crops, such as common bean, sunflower, einkorn wheat, rice, maize and potato (Heun et al., 1997; Matsuoka et al., 2002; Harter et al., 2004; Chacón S et al., 2005; Spooner et al., 2005; Doebley et al., 2006; Londo et al., 2006; Smith, 2006) . Domestication was accompanied by a reduction in genetic diversity, as well as loss of useful traits reserved in wild relatives. During domestication, lines that contained agronomically important characters were selected, which resulted in a genome-wide reduction of genetic diversity or selective sweep in domesticated crops (Tanksley and McCouch, 1997; Buckler et al., 2001; Diamond, 2002) . For example, it was suggested that several grasses had about two-thirds of the genetic diversity of their wild relatives (Buckler et al., 2001) . Domestication bottleneck greatly and rapidly reduced the number of rare alleles, and then the genetic diversity of crops, which resulted in a narrowing of genetic basis for crop improvement. The domestication bottleneck was usually elucidated by the bottleneck severity coefficient (K ′ ) with the hypothesis of single domestication (Wright et al., 2005) . For instance, domestication bottleneck simulation revealed a more severe bottleneck for rice than maize (Tenaillon et al., 2004; Zhu et al., 2007) .
As one of the economically important crops in the world, soybean (Glycine max) can provide most of the vegetable oil and protein for humans and animals (Singh and Hymowitz, 1999; Boerma and Specht, 2004) . Evidence from morphological, cytogenetic and molecular analyses has indicated that soybean was domesticated from wild soybean (G. soja) in China (Broich and Palmer, 1980; Kollipara et al., 1997; Doebley et al., 2006) . The geographic distribution of wild soybeans limited to East Asia covers wide areas of China as well as adjacent regions, including Russian Far East, the Korean Peninsula and Japan (Singh and Hymowitz, 1999; Boerma and Specht, 2004) . During expansion and adaptation, beneficial traits have accumulated, such as pest and disease resistance, increased yield, improved quality, male sterility and fertility restoration (Hajjar and Hodgkin, 2007) . Great genetic variation in these areas has been serving as an important gene pool for cultivar improvement (Singh and Hymowitz, 1999) . Understanding the domestication genetics of soybean will greatly facilitate the discovery and utilization of rare but potentially important alleles in these resources. However, where and how soybean originated from the wild progenitors is still under intense debate.
The genetic diversity and structure of wild and cultivated soybeans have been reported in many studies (Xu et al., 2002; Lee et al., 2008; Li et al., 2008; Li et al., 2009) . A severe genetic bottleneck during soybean domestication was also found in several independent analyses (Xu et al., 2002; Hyten et al., 2006; Kuroda et al., 2006) . There is supporting evidence for both single and multiple domestication events (Hymowitz and Kaizuma, 1981; Fukuda, 1993; Zhuang et al., 1994; Gai et al., 2000; Xu et al., 2002; Xu and Gai, 2003; Dong et al., 2004; Zhao and Gai, 2004) . Furthermore, the inconsistency in former studies was mainly due to the limitation of sampling or small number of molecular markers. Here, landrace (endemic cultivated soybean) and wild soybeans that cover the entire distribution range in East Asia were collected to investigate the domestication genetics of soybean based on 56 microsatellites and four nucleotide sequences. By integrating genotype assignment, phylogenetic analysis and bottleneck simulation it is possible to (a) elucidate the genetic diversity and structure of wild and landrace soybeans, (b) identify the domestication origin of soybean and (c) investigate the bottleneck severity during domestication.
MATERIALS AND METHODS

Plant materials
The genus Glycine includes two sub-genera: glycine and soja. Subgenus soja contains the wild soybean (Glycine soja) and soybean (G. max). The sample consisted of 310 individuals that included 231 wild soybeans and 79 landrace soybeans (endemic cultivated soybeans; see Table S1 in Supplementary data, available online) that were selected based on the even distribution pattern across the natural distribution area of wild and cultivated soybean (Fig. 1) . The 231 wild soybeans covered the natural distribution areas in East Asia including China (216 accessions), Russian Far East (five accessions), South Korea (five accessions) and Japan (five accessions). A total of 79 landrace soybeans covering the whole distribution area of China (60 accessions), South Korea (five accessions) and Japan (14 accessions) were collected. In these 310 individuals, 62 landraces and 62 wild soybeans with one or two individuals from each province or autonomous region in China and three to five individuals from South Korea and Japan were selected for coalescent simulation. Glycine tomentella (eight accessions) collected from Taiwan, was employed to root the phylogenetic tree. Pure-line seeds of all Chinese accessions were obtained from the soybean germplasm bank of the Chinese Academy of Agricultural Sciences, and seeds of all accessions from other countries were provided by the US Department of Agriculture Soybean Germplasm Collection.
DNA extraction and genotyping
The seeds of each accession were collected for germination, and then used for DNA extraction following the CTAB method (Doyle and Doyle, 1987) . Based upon soybean genetic linkage maps, 134 microsatellites covering 20 linkage groups with 20 cM between each pair of loci were chosen (Cregan et al., 1999; Song et al., 2004) . After a pre-amplification test, 56 primer pairs with good amplification results were selected for genotype analysis (Table S2 in Supplementary data). The PCR protocol followed was described in Cregan et al. (1999) with a final volume of 10 mL containing 10 mM Tris -HCl ( pH 8 . 4), 1 . 5 mM MgCl 2 , 50 mM (NH 4 ) 2 SO 4 , 1 unit Taq polymerase (Fermentas, Vilnius, Lithuania), 0 . 2 mM dNTPs, 0 . 2 mM each primer, and 50 ng of genomic DNA. PCR products were separated on the 6 % PAGE, visualized with silver staining, and scored according to a 25-bp DNA marker ladder (Promega, Madison, WI, USA).
Several nuclear genes were selected from previous studies for sequencing. Among them four nuclear genes which showed homozygosity in all accessions were used for bottleneck simulation: BG406170 was selected from soybean cDNA sequences homologous to Solanaceae conserved orthologous sequences (COSII) (E value , e 210 ) (Wu et al., 2006; Cheng and Strömvik, 2008) ; AF105221, J02746 and AJ003246 with high polymorphism were selected from previous reports (Zhu et al., 2003; Van et al., 2005; Hyten et al., 2006; Table S3 in Supplementary data). PCR was performed based on the original description with a final volume of 50 mL containing 10 mM Tris -HCl ( pH 8 . 4), 50 mM (NH 4 ) 2 SO 4 , 2 mM MgCl 2 , 2 . 5 unit Taq polymerase (Fermentas), 2 mM dNTPs, 0 . 8 mM each primer, and 100 ng of genomic DNA. Sequences for each locus were successfully obtained after direct sequencing of the PCR products. PCR amplifications and sequencing were repeated twice for each product to confirm the sequence variation. Sequences were aligned and edited by software Clustal_X 1 . 81 (Thompson et al., 1997) and Bioedit version 7.0.1 (Hall, 1999) . Alignment sequences were deposited in GenBank with accession numbers GU112110 -GU112178.
Data analysis
GENALEX6 (Peakall and Smouse, 2006) and FSTAT2.9.3 (Goudet, 2001) were used to calculate the genetic diversity index. The STRUCTURE2 . 2 program was used to analyse the genetic structure of samples using the model-based method (Pritchard et al., 2000; Falush et al., 2003) . The admixture model was employed to infer population structure of wild and landrace soybeans for a number of clusters with K of 1-10 ( Pritchard et al., 2000; Falush et al., 2003) . The ad hoc statistic DK which was calculated based on the rate of change of the log-likelihood for the present K value was employed to identify the optimal number of populations present in the data set following the recommendation of Evanno et al. (2005) . The genetic structure was then plotted with the DISTRUCT1 . 1 program based on the optimal number of K (Rosenberg, 2004) . The prior population model incorporated with the inferred population of wild soybeans was used to assign the landrace soybeans to wild populations to infer the genotype origin of landrace soybeans (Pritchard et al., 2000; Falush et al., 2003; Harter et al., 2004) . The number of pre-defined populations of wild soybeans was set to three according to the admixture model analysis results. For each procedure, at least five independent runs were processed based on runs of 100 000 iterations, following a burn-in period of 50 000 iterations.
Genetic distances of microsatellite genotypes were calculated using 1 minus the proportion of shared alleles (1 -'Dps') which was widely used in multilocus microsatellite data by MICROSAT with 1000 replications (Minch et al., 1996; Rosenberg et al., 2001; Matsuoka et al., 2002) . Phylogenies among soybeans were reconstructed based on the neighbor-joining (NJ) method in the PHYLIP3 . 67 program (Felsenstein, 2004) .
DNA polymorphism parameters (nucleotide diversity, u; and number of segregating sites, S) were calculated using DnaSP (Rozas et al., 2003) . Coalescent simulation as previously described for maize and rice was employed to model the domestication bottleneck (Eyre-Walker et al., 1998; Tenaillon et al., 2004; Wright et al., 2005; Zhu et al., 2007) positive correlation between the bottleneck population size (Nb) and the duration (d), thus the bottleneck stringency value K ′ ¼ Nb/d (Wright et al., 2005) was employed to describe the severity of the bottleneck during domestication. Sequences of four nuclear genes were employed for the simulation using MS software (Hudson, 2002) . Values of d (100, 500, 1000, 1500, 2000 and 3000) were chosen referring to the analysis of rice and maize (Wright et al., 2005; Zhu et al., 2007) , and K ′ values of range 0 . 1-20 with a total of 300 scenarios for each locus were examined with 10 000 simulations (Table S4 in Supplementary data). The number of segregating sites (S) was employed to evaluate simulations and used to calculate the maximal likelihood of bottleneck severity by integrating multilocus analysis (Tenaillon et al., 2004; Wright et al., 2005) .
RESULTS
Genetic diversity of wild and landrace soybeans
There were 1498 alleles detected across 56 microsatellites in 231 wild and 79 landrace soybeans with an average of 26 . 8 alleles per locus, ranging from 5 (BE021153) to 56 (Satt243). The overall genetic diversity of all loci ranged from 0 . 384 (BE021153) to 0 . 969 (Sat_093) ( Table S2 in Supplementary data). The unbiased expected heterozygosity (UH E ) and allelic richness (N R ), regardless of sample size, were employed to calculate genetic diversity of wild and landrace soybean populations. Genetic diversity in wild soybean (UH E ¼ 0 . 843 and N R ¼ 20 . 3) was significantly higher than that in landrace soybean (UH E ¼ 0 . 719 and N R ¼ 11 . 8) ( Table 1 ). The analysis based on four nucleotide sequences also revealed that wild soybeans (u ranging from 0 . 003 in BG406170 and 0 . 023 in AJ003246) had a significantly higher polymorphism than that in landrace soybean (u ranging from 0 . 001 in BG406170 and 0 . 011 in AJ003246). Compared with wild soybeans, landraces lost most of the nucleotide variation, which suggested bottleneck during domestication (Table 1) .
Genetic structure of wild and landrace soybeans based on microsatellites Admixture model from the STRUCTURE2 . 2 program was used to infer the population structure of wild soybean in which the cultivars could be assigned. A single solution was found for K ¼ 2 based on the DK statistic (Evanno et al., 2005) with most individuals separated into two clusters, individuals from the Huang-Huai Valley (NCs) were clustered independently from other regions including south China (SCs), north-east China (NEs), Russian Far East (Rs), South Korea (Ks) and Japan (Js). At K ¼ 3, individuals from SCs, NEs, Rs, Ks and Js further split into two clusters with Rs clustered together with NEs, while Ks and Js clustered with SCs (Fig. 2) . However, the genetic structure of landrace soybeans differed from wild soybeans, in which the highest likelihood of genetic structure of landrace soybean was obtained when K ¼ 3 based on DK statistics. It was found that individuals from South Japan (Jm) and Korea (Km) were clustered with individuals from north-east China (NEm), which was different from the pattern in wild soybean. Individuals from south China (SCm) and the Huang-Huai Valley (NCm) formed independent clusters (Fig. 2) . The genotype cluster for wild and landrace soybeans from China was mostly consistent with previous studies, in which three eco-regions were proposed, based on morphological and physiological analysis (Bu and Pan, 1982; Gai and Wang, 2001 ).
Domestication origin of soybean based on microsatellites
Using the population structure of wild soybeans, individuals were defined from SCs plus Ks and Js, NEs plus Rs, and NCs as three independent ancestral source clusters which could be used to model the assignment of landraces using the prior information model in the STRUCTURE2 . 2 program. Most of the landrace genotypes (77 . 3 %) were assigned to the cluster of SCs plus Ks and Js; 12 . 3 % of the genotypes were assigned to the cluster of NEs plus Rs, and 10 . 4 % to NCs (Fig. 3) . This indicated that landrace soybeans were genetically similar to wild soybeans from SCs plus Ks and Js. However, .20 % of the genome of landrace soybeans were similar to those of NEs plus Rs and NCs.
To clarify further the phylogenetic relationship between wild and landrace soybeans, the NJ method from PHYLIP3 . 67 program was employed to construct the phylogenetic tree. All 310 individuals were classified into 112 geographically defined groups for bootstrap resampling in which individuals from China within approx. 2 8 of latitude and longitude were classified into one group and individuals from Russian Far East, South Korea and Japan were classified into distinct groups (Matsuoka et al., 2002) . The phylogenetic analyses from microsatellite genotypes showed all landrace soybeans formed a monophyletic lineage which was coincident with maize based on analysis from microsatellites (Matsuoka et al., 2002) . This indicated that landrace soybeans had a single domestication origin such as maize (Fig. 4) . The regions containing those wild populations that are phylogenetically close with cultivars could be proposed as the domestication region of crops (Matsuoka et al., 2002; Spooner et al., 2005) . In this study, the populations of the nearest branches which were basal to the landrace soybean lineage were wild soybeans from south China, especially those from Zhejiang, Hubei and Taiwan provinces. Combining the present results with genotype assignment of landrace soybeans, it was proposed that soybeans might have been domesticated only once in south China, probably in the middle and lower regions of the Yangtze River basin and on the south-east coast where great genetic diversity for both wild and landrace soybeans is preserved.
Bottleneck coalescent simulation based on nucleotide sequences
It was reported that allelic diversity was reduced faster than heterozygosity for a population with recent reduction (Cornuet and Luikart, 1996) . Comparison based on microsatellites revealed that the expected heterozygosity in landrace soybeans was 14 . 7 % lower than wild soybeans, but contained just 41 . 9 % of allelic richness in wild soybeans (Table 1) . This indicated that landraces lost most of the rare alleles during domestication in which landraces contained 81 . 8 % of different alleles with a frequency of .5 %, but contained just 13 . 6 % of the private alleles in wild soybeans (data not shown). The nucleotide polymorphism of the four sequences also showed that the nucleotide diversity in landrace soybean was about half of that in wild soybean, which strongly suggested genetic bottleneck associated with domestication.
Given that a single domesticated origin was detected for landrace soybean, four nuclear genes were obtained to explore further the bottleneck severity during soybean domestication based on the two-subpopulation model previously described in maize and rice (Eyre-Walker et al., 1998; Tenaillon et al., 2004; Wright et al., 2005; Zhu et al., 2007; Gao and Innan, 2008 ). Tajima's D test revealed that all the four genes evolved neutrally in both wild and landrace soybeans except locus J02764 in landrace soybean. Multilocus integration analysis was employed to narrow the confidence regions (Tenaillon et al., 2004) . The statistics produced a likelihood peak value for bottleneck severity of K ′ ¼ 2 . 0 (Fig. 5 ), indicating that if domestication lasted for 1000 years, the domesticated population was composed of 2000 effective ancestral individuals. The domestication process of soybean was proposed to start 5000 years ago and cultivars were introduced to other countries from the first century AD (about 2000 years ago) based on linguistic, geographical and historical evidence (Hymowitz and Newell, 1981; Hymowitz, 1990; Singh and Hymowitz, 1999) . This suggested that the maximum duration of domestication was 3000 years. Thus, a maximum effective population of 6000 wild soybean individuals during soybean domestication was speculated.
DISCUSSION
Genetic structure of landrace soybean in East Asia
The distribution of wild and landrace soybeans in East Asia serves as a very important gene pool for cultivar improvement. Although wild soybeans from limited resources had been analysed, the genetic structure of wild soybeans covering the whole distribution area in East Asia was rarely discussed ( FIG. 4. Neighbor-joining phylogenetic relationships of wild and landrace soybeans based on 56 microsatellites. Pairwise genetic distance of wild and landrace soybeans populations were calculated using the distance 1 -'Dps' based on 56 nuclear microsatellites. The asterisks indicate the wild soybean populations from south China that are basal to all the landrace soybeans. Li et al., 2008) . In this study, species-wide individuals were sampled to carry out an analysis, based on genome-wide distributed microsatellites, of the genetic structure of wild and landrace soybeans in East Asia. Three genetic structure clusters of landrace soybean were detected in East Asia in which NEm plus Km and Jm formed a cluster, and individuals from NCm and SCm formed independent clusters, implying that landrace soybeans from South Korea and Japan were genotypically similar to those from north-east China (Fig. 2) . This was different from the genetic structure of wild soybean in which SCs plus Ks and Js formed a cluster, NEs plus Rs formed a cluster, and NCs formed a cluster (Fig. 2) . Wild soybeans are naturally distributed in East Asia and might have existed there before the Ice Age. Thus, the distribution of wild soybean might have been influenced by the climate changes and construction of the land-bridge during the Ice Age (J. Guo et al., WBGCAS, Wuhan, China, unpubl. res.). Compared with wild soybean, the expansion of landrace soybean is more likely to be a recent event. Unlike the evolution of wild soybean, domestication of cultivated crops is a more recent process which began approx. 12 000 years ago in the Fertile Crescent or more recently in other ancestral agriculture centres (Brown et al., 2009; Glémin and Bataillon, 2009) . During this time, human activity with exchange of seeds resulted in gene flow of cultivated soybean within northeast China, the Korean Peninsula and Japan.
Origin of soybean domestication
Both phylogenetic and assignment analysis indicated that landrace soybeans might have originated from their wild progenitors in south China (Figs 3 and 4) . The genetic diversity of wild and landrace soybean populations also showed that south China had the highest level of genetic diversity in previous and present studies (Table S5 in Supplementary data; Shimamoto et al., 1998 Shimamoto et al., , 2000 Xu et al., 1999; Ding et al., 2008; Li et al., 2008) . Vavilov (1992) considered that the genetic diversity centre was the origin centre for major crops. Moreover, gene introgression is very difficult for selfpollinated crops, especially soybean with an outcross rate of 1 . 8 % (Ray et al., 2003) . In addition, a recent archaeological discovery revealed that rice domestication occurred in Zhejiang about 6600 -6900 years ago in the lower Yangtze River basin (Fuller et al., 2009) . Prolific agricultural activities and abundant wild resources in south China further proved domestication and cultivation of major crops, including soybean, might have occurred in this area.
The domestication of soybean was similar to maize (Matsuoka et al., 2002) , potato (Spooner et al., 2005) and sunflower (Harter et al., 2004) that have single domestication events, but different from rice (Londo et al., 2006) and common bean (Chacón S et al., 2005) that are proposed to have multiple domestication origins. The origin of soybean domestication has been the subject of intense debate with both single and multiple domestication hypotheses (Hymowitz and Kaizuma, 1981; Fukuda, 1993; Zhuang et al., 1994; Gai et al., 2000; Xu et al., 2002; Xu and Gai, 2003; Zhao and Gai, 2004) . As semi-domesticated soybean grows prolifically in north-east China, Fukuda (1993) suggested that soybean originated in this region, but most of the evidence indicated that the origin of soybean domestication was in the Huang-Huai Valley or south China (Hymowitz and Newell, 1981; Zhuang et al., 1994; Gai et al., 2000; Dong et al., 2004; Zhao and Gai, 2004) . The Huang-Huai Valley and the Yangtze River basin have both been suggested as important areas where agriculture originated in China. Dong et al. (2004) proposed that cultivated soybean might be domesticated from wild soybean downstream of the Huang-Huai Valley, given that the greatest morphological variation is preserved in this region. Considering that morphological characters are sensitive to climate and environmental change, archaeological and morphological evidence for the Huang-Huai Valley origin might be insufficient for speculation on the origin of soybean domestication in this region (Hymowitz and Newell, 1981; Dong et al., 2004) . In addition to a single domestication origin, molecular evidence indicated that soybean might have been domesticated independently in different regions (Xu et al., 2002; Xu and Gai, 2003) . The difference between multiple origins and a single origin in these previous studies might be due to a limited number of either molecular markers or samples. Here, genotype comparison of 56 genome-wide distributed microsatellites revealed that landrace soybeans were genotypically similar to wild soybeans from south China, especially from the middle and downstream areas of the Yangtze River basin. As a result, it was speculated that soybeans were domesticated in south China and then disseminated to the northern areas. During southnorth dissemination, flowering time loci and other genes were selected as adaptations to local environments, thus forming different eco-topic genotypes. Though great genetic diversity was found in south China, prolific morphological diversity preserved in the Huang-Huai Valley (Dong et al., 2004) and richness resources in other regions in East Asia (Kuroda et al., 2006; Lee et al., 2008; Li et al., 2008) could provide great adaptive characters for cultivar improvement.
Bottleneck severity of soybean during domestication
Intensive selection during domestication was proposed to result in extensive narrowing of genetic base of the cultivated crops (Tanksley and McCouch, 1997; Buckler et al., 2001; Diamond, 2002) . Hyten et al. (2006) reported that landraces retained 48 . 9 % of the nucleotide diversity of 102 wild soybean-based genes. In this study, comparison of genetic diversity between wild and landrace soybeans indicated a great bottleneck during domestication in which landrace soybean retained approximately half of the allelic richness and nucleotide diversity based on both microsatellites and nucleotide sequences (Table 1) (Cornuet and Luikart, 1996) .
Genetic diversity analysis and coalescent simulation both revealed a moderate reduction in genetic diversity during soybean domestication compared with maize and rice, in which the bottleneck severity of soybean domestication (2 . 0) was less severe than that of rice (0 . 2 and 0 . 5 for japonica and indica, respectively), but more than that of maize (4 . 0-5 . 0) (Buckler et al., 2001; Tenaillon et al., 2004; Hyten et al., 2006; Zhu et al., 2007) . Compared with outbreeding maize, the predominant self-pollination of soybean might have strengthened the bottleneck during domestication (Ray et al., 2003) . However, preservation of genetic diversity in soybean could be comparable to sunflower in which 40 -50 % of wild sunflower nucleotide diversity appeared to be preserved in the cultivar due to a limited sample of individuals used in the analysis (Liu and Burke, 2006) . Thus, the sampling strategy and the mating system of a species might explain most of the differences in the rate of genetic diversity reduction between the wild relative and the cultivar. Extensive sampling and various molecular markers used in this study elucidated a moderate domestication bottleneck of soybean.
It was suggested that establishment of the cultivated traits was probably a slow process which took over 1000 -2000 years or more (Tanno and Willcox, 2006; Fuller, 2007) . Evidence based on linguistic, geographical and historical data supported the suggestion that the duration of soybean domestication is no more than 3000 years (Hymowitz and Newell, 1981; Hymowitz, 1990; Singh and Hymowitz, 1999) . Based on the coalescent simulation with bottleneck severity of 2 . 0, the sequence diversity found in the landrace soybean could be explained by a founding population of no more than 6000 wild soybean individuals, which was much larger than the self-pollinated rice either based on nucleotide sequences (600 individuals for japonica rice and 1500 for indica rice) (Zhu et al., 2007) or microsatellites (2700 individuals for japonica rice and 4500 for indica rice) (Gao and Innan, 2008) . Because nuclear variation in wild soybean was approximately one-third of that in the wild progenitor of maize, teosinte, an ancestral wild soybean population size of ≈300 000 was speculated given a population size of ≈900 000 for teosinte (Eyre-Walker et al., 1998; Gao and Innan, 2008) . Therefore, the effective wild soybean population used for domestication accounted for ≈2 % of the ancestors. Although it experienced a moderate level of genetic diversity reduction compared with other crops, microsatellite diversity analysis and bottleneck simulation based on nucleotide sequences implied that soybean had lost most of the rare alleles in wild soybean during domestication.
Conclusions
In this study, microsatellites and a nuclear gene were employed to analyse the genetic structure and the domestication genetics of landrace soybean. Phylogenetic and genotype assignment analysis showed that landrace soybeans formed a single cluster and genotype similar to wild soybeans from south China, suggesting a single origin of landrace soybeans in south China. A moderate genetic bottleneck was proposed during domestication with the maximum likelihood of the ratio of domesticated individuals and duration of bottleneck of 2 . 0. The origin of soybeans in south China, combined with the bottleneck simulation, implies that the wild soybean resources in south China could be a valuable gene pool for soybean breeding. Considering that many wild soybean populations have diminished or disappeared due to human activities and habitat deterioration, a great conservation effort for wild soybean populations, especially those in south China, is urgently needed to ensure the sustainable utilization of soybean resources.
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